ESR experiments on dilute Ag:Dy thin films at liquid-helium temperatures allow the estimation of lower limits for the second-order orbit-lattice coupling parameters. The anisotropy observed on the g value of the I"7 ground state of Dy is interpreted in terms of admixtures of excited crystal-field levels with the ground state, via a planar strain of the film, induced by the difference in the thermal-expansion coefficients between the film and the substrate. The results indicate that the tetragonal orbit-lattice parameter agrees in sign with that predicted by the point-charge model, but the trigonal one does not, similar to Ag:Er thin films.
I. INTRODUCTION
The orbit-lattice interaction has been shown' to be the appropriate mechanism to explain the relaxation of a spin system to the bath in insulators. For dilute magnetic ions in metals, however, the relaxation via exchange between the localized moments and the conduction electrons (Korringa mechanism) is the dominant mechanism.
Consequently, it is not possible to obtain direct information about the orbit-lattice interaction in a metallic host by conventional measurements of ESR. Therefore, the only hope of observing this interaction will lie in the modulation of the crystal field in a known way, and analyzing the response of the system to this excitation. For phonons with k -0, which are responsible for the direct process which is dominant at low temperatures, ' it is possible to obtain the orbit-lattice coupling parameters (OLCP) from static-stress experiments.~For these experiments it is necessary to use singlecrystalline samples, because, even for crystals of high symmetry, there are different parameters associated with different directions of the applied static stress. This makes the experiment difficult in the case of bulk metals, because the observed resonance arises from the impurities seated in the skin depth, where the effects of strain inhomogeneities could mask the effect.
Recent experiments have shown that ESR measurements at liquid-helium temperatures on metallic single-crystalline thin films diluted with rare earths is a good way to estimate the OLCP of a rare-earth ion in a metallic host. The difference in thermalexpansion coefficients between the metallic film and the substrate will induce a planar strain on the former, and, as a result of this strain, an anisotropic ESR spectrum is obtained. This anisotropy allows the estimation of the OLCP.
%'e report a detailed ESR study on dilute -Dy in Ag thin films grown on NaC1 and quartz substrates. It is known' that the Ag-cubic-crystal field splits the Dy'+(4f ')'Htg2 multiplet into one I'7, three I'P', and one I 6 levels, I 7 being the ground state. Now, if an axial strain field is applied to the film, a small second-order crystal-field component appears, as we11 as even smaller new fourth-and sixth-order components of the crystal field; the I (' levels We found values close to those given above.
III. ANALYSIS AND THEORY

A. Strain induced on the films
We are going to interpret our experimental results in terms of a strain induced on the film by thc difference in thermal-expansion coefficients between substrate and film. We shall use two sets of orthogonal axes to describe the strain (e'J and e"")and stress (a; and a. &, ) tensors. The x', y', and z' set, with z' perpendicular to the interface of the film substrate, will be the interface frame; and the other x, y, and z set, with axes parallel to the cubic crystal axes of the film, will be the crystal frame.
In order to calculate the maximum expected strains induced on the films, we are going to use the following assumptions: (i) The film is firmly attached to the substrate; (ii) the stress and the thermal expansion of the film and the substrate are isotropic at the interface (a~=0;a~=0), and the thermal-expansion coefficients are given by those of the free materials; (iii) the stress on the film in the direction perpendicular to the interface is zero (a ' =0); i.e. , the film is free along this direction; and (iv) the shear strains perpendicular to the interface are zero (e' = a~=0);
i.e. , there is no bending effect in the plane of the film.
According to (i) for both single crystals and mosaic structure films.
Equations (8) and (9) give the same angular dependence as Eq. (1); therefore, we can now identify the parameters. We found, within our experimental accuracy, gig to be negligible, since, for all our measurements, the parameter gp in Eq.
(1) was found to be very close to the g value of Dy in bulk alloys (see Table I ). Since we have evidence that the films partially slide off from the substrate at the interface (see Sec. II), we can estimate just a lower limit for the g3s and g5s parameters in Eqs. (8) and (9) As previously reported, ' dilute Dy + in Ag presents a 4f 9 configuration with a H)5f2 as a lower multiplet. The cubic-crystal field splits this multiplet into one I 7, one I'6, and three I )' levels, with I'7 the ground state. In this case, only a second-order process .involving both 3C, and XoL can modify the doublet composition, admixing the I 7 with the excited levels of the J = 2 multiplet, and inducing an anisotropy of the g value. The hydrostatic term in Eq. (10) G3~g' in Ag:Dy which agrees in sign and order of magnitude with our GQ' value. According to our experience, and to the way that they have grown their films, we believe that the structure of their films would have been [111]-oriented films with a mosaic structure. Consequently they could have attributed the wrong OLCP to their experiment. In any case it would be necessary to do x-ray and/or microscopy analysis on their films in order to clarify this problem.
Since the PCM gives an upper limit for the OLCP, 
